The role of simuliid blackflies in the epidemiology and control of onchocerciasis in Latin America was recently comprehensively reviewed ). The overall situation since then remains largely unchanged except that control of onchocerciasis using ivermectin has been started in the onchocerciasis foci of Mexico and in the Yepocapa focus of Guatemala and further data are available on the foci of Ecuador and northern Venezuela. The purpose of this paper is to update the 1988 review and provide a synthesis of the principal factors that affect parasite transmission indicating how these should influence vector control strategies in the different foci of Latin America.
Each of the twelve vector morphospecies, several of which are now known to be complexes of sibling species (Table I) , is unique in its host capacity and biology and these two parameters need to be considered for each focus when control strategies are being formulated. It is now timely to examine these strategies because of the introduction of ivermectin for parasite control over the last few years in Latin America and the results of preliminary work in Africa that have shown this filaricide not to be the panacea for human onchocerciasis originally envisaged (Duke, 1990) . Vector control is still a major component of onchocerciasis control together with ivermectin in many parts of West Africa where the efficient vector Simulium damnosum s. l. occurs. In Latin America, the decision to use vector control to supplement ivermectin treatment of infected individuals depends on the efficiency of the individual vectors involved. The factors that affect Onchocerca volvulus transmission and onchocerciasis control are first discussed followed by a review of onchocerciasis transmission and actual and suggested methods for its control in each focus.
FACTORS AFFECTING ONCHOCERCIASIS TRANSMISSION
Many factors that affect or involve both the parasite and simuliid host influence the degree of severity of onchocerciasis in Latin America . In the parasite they include the pathogenicity of the strain or population of O. volvulus, its accessibility to the vector in terms of its density and prevalence in the human population, and its distribution in infected individuals in relation to the preferred biting site of the vector. In the vector the factors that affect the efficiency of a simuliid species to transmit O. volvulus may be divided into two groups: those that influence the ability of the fly to host the parasite (host capacity) and those that interact with its host capacity and thereby influence the ability of a species to transmit the parasite (vector capacity).
Host capacity
Factors that affect host capacity are the presence or absence of a cibarial armature in the fly, the presence or absence of intrinsic barriers to a synchronous development cycle of the parasite in the fly, attractants in the saliva of flies that cause concentration of microfilariae at the biting site, and the speed of formation of the peritrophic membrane. An additional factor, not yet investigated in Latin America, is the production of acquired resistance to further filarial infection by previously parasitised flies, as was first shown to occur in two species of British blackflies infected with the bovine filaria O. lienalis (Ham, 1986) . Only the two former factors have been well studied for species of Latin America. unarmed cibaria and high host and vector capacities occur recrudescence may be rapid even if parasite densities are low. Evidence for this hypothesis comes from recent work in Ecuador where Guderian et al. (1988) showed that the disease moved from hypoendemicity to mesoendemicity in six years at a locality where the Cayapa cytospecies of S. exiguum was shown to have high host and vector capacities Shelley et al., 1986, in press b) . Conversely, species with armed cibaria do not produce significant changes in hypoendemic areas and only show high vector capacities if biting rates and parasite levels are high. Thus, in Brazil onchocerciasis remained hypoendemic over a ten year period (Moraes et al, 1986 ) because of the low host capacity of S. oyapockense s. l. despite high biting densities . This evidence suggests that control in areas with vectors with high host and vector capacities needs to be indefinite (e. g. Ecuador), whereas in hyperendemic areas with vectors showing low host but high vector capacities reduction of the parasite in man to a low, as yet undetermined critical level, and then cessation of control would be sufficient (e. g. Central America). This hypothesis needs to be tested in the field; if proven to be correct it would reduce costs and time spent in unnecessary vector control in some foci.
The only two practical methods of onchocerciasis control available are the chemotherapeutic treatment of infected individuals and control of the vector through larviciding. Ivermectin has now largely replaced diethylcarbamazine and suramin as a control drug because of its relative lack of side effects, apparent efficacy and ease of administration (only one tablet required annually). Although at first sight ivermectin would be the method of choice it cannot be universally administered, being unacceptable for certain categories of people (Duke, 1990) . The use of DEC for these categories as occurs in Mexico (Dr. R. San Clement, pers. comm.), will still not give blanket coverage for infected individuals and hence larviciding is required to complement parasite control if the vector species has a high host capacity. Modern larviciding methods (Laird, 1981) focus on the use of the organophosphate temephos and delta endotoxins produced by Bacillus thurigiensis var. israelensis serotype H14. (For reviews on ivermectin see Hudson, 1985; Gaugler & Finney, 1982; Taylor & Greene, 1989) . The use of ivermectin, with or without accompanying vector control is discussed for each focus.
ONCHOCERCIASIS TRANSMISSION AND CONTROL IN LATIN AMERICA

Central America foci
Of the five foci in Central America only the Yepocapa focus of Guatemala and the South Chiapas or Soconusco focus of southern Mexico have been sufficiently well researched to produce data for epidemiological assessment and control. In these foci onchocerciasis transmission is principally due to S. ochraceum s. l. although S. metallicum s. l., S. callidum, S. haematopotum, S. gonialezi and S. veracruzanum appear to be involved to a lesser extent in some localities. Control in Mexico is limited to the use of ivermectin and DEC but in Guatemala ivermectin and local vector control are used.
The host capacity of S. ochraceum s. l. is low because of the presence of cibarial teeth (Table II) and for this reason the finding of three sibling species in S. ochraceum in Central America, each of which may have different biting behaviour and susceptibility to the parasite, is unlikely to have such a significant effect on transmission as occurs in cytospecies with unarmed cibaria. Simulium ochraceum s. l. is, however, an efficient vector in areas hyperendemic for the disease due to its high anthropophily and high biting rates, which counterbalance its low host capacity. However, the host capacities of populations of S. ochraceum s. l. from non endemic, hypoendemic and hyperendemic foci have been found to be similar in areas where high biting densities occur (De Leon & Duke, 1966; Garms, 1975) . A crucial factor affecting transmission is, therefore, the availability to flies of O. volvulus in the human host. The critical level of the parasite reservoir at which transmission becomes continuous instead of sporadic, and hence responsible for an increase in endemicity and public health importance of the disease, still needs to be determined. It should, therefore, be sufficient to reduce the parasite density in man to below this threshold by using ivermectin. Once the disease has been reduced to this level high biting rates would only be responsible for sporadic parasite transmission and the hypoendemic situation would persist for some time rendering continuous control unnecessary. The efficacy of control measures could be regularly monitored with parasitological surveys.
The other vector species in the foci of Central America have low vector capacities because of low biting rates, mainly zoophilic behaviour or low host capacity. However, further work is necessary to establish whether any of the five cytospecies of S. metallicum in this region are sufficiently anthropophilic and susceptible to the parasite to be of local importance epidemiologically, since previous work was carried out before a species complex had been detected.
Northern Venezuela foci
Onchocerciasis is no longer a serious public health problem in the Caripe and Altamira foci of northern Venezuela, although recent reports (Tada, 1985) underestimate the prevalence of the disease (Botto, 1990) . Although no comprehensive pre -and post -control data are available it would appear that effective chemotherapy, the relatively poor vector capacity of the primary vector S. metallicum s. l. and possibly the effects of agricultural insecticides on larvae, all contributed to the success of control campaigns. Although S. metallicum s. l. was anthropophilic and bit man in large numbers, its host capacity was relatively low because of asynchronous and delayed parasite development. The other anthropophilic species present, S. exiguum s. l., would have been a poor vector because of the highly asynchronous parasite cycle, low man-biting rates and its predominantly zoophilic habit. Control of onchocerciasis in the remaining infected individuals should be feasible using ivermectin.
Amazonia focus
This is the most isolated of the Latin American foci and is situated in southern Venezuela and north-western Brazil. No control campaigns were initiated after suramin treatment of several Indians in Brazil had to be curtailed because of side effects. The focus consists of a central, highland, mainly hyperendemic zone and a peripheral, lowland, mainly hypoendemic zone (Basañez et al, 1988; Shelley et al., in press a) . Transmission data for the highland zone are scanty, but S. guianense with an unarmed cibarium would appear to be the primary vector because of its high host capacity, and S. incrustatum with an armed cibarium the secondary vector because of its host capacity. Both local vector control and the use of ivermectin would be necessary on a regular basis because of the high host capacity of S. guianense. However, it is doubtful whether many of the Yanomami Indians would readily accept treatment with ivermectin. In the lowland zone a single vector, S. oyapockense s. l. (here used to include S. roraimense, which is morphologically inseparable from S. oyapockense s. l. in the female) has a poor host capacity due to its armed cibarium (Table II) and despite extremely high man-biting rates has not increased parasite prevalence rates in Brazil in the last decade because of the low availability of parasites in the human reservoir. Onchocerciasis control is therefore a low priority and not envisaged. The likelihood of dispersal of onchocerciasis, particularly from hyperendemic localities, has increased due to a recent influx of people from non endemic areas. Many of the 40,000 gold miners and military personnel in the Brazilian part of the focus will contract the disease and could be responsible for setting up new foci when returning to other parts of Brazil.
Colombia focus
Little is known about this focus except that onchocerciasis was hypoendemic on both the initial and follow-up surveys. The only vector species present, S. exiguum s. l., had a relatively low host capacity since O. volvulus development was asynchronous. No data are available on its biting and natural infection rates.
Control using ivermectin alone, because of the small number of individuals affected, would be sufficient. Further surveys to establish the prevalence of the disease are necessary in the southern border area with Ecuador following the detection of the disease in individuals from this area.
Ecuador focus
This is currently the most important focus in South America with recent parasitological surveys (Guderian et al., 1988) showing increasing prevalence rates and skin densities of O. volvulus. Simulium exiguum Cayapa and Aguarico forms are the primary vectors in hyperendemic areas of the main Santiago focus and the Cayapa form in the peripheral mesoendemic Canandé focus Shelley et al., 1986) . However, the Bucay and Quevedo cytospecies also show high host capacities (Shelley et al., 1990, in press, b) and are potential vectors in the non endemic areas where they occur. The high host capacity, anthropophily and biting densities of the Cayapa cytospecies have been responsible for the rapid transition from the hypo -to meso -endemic state of the Canandé peripheral focus. Simulium quadrivittatum is the other vector, and is probably the principal species involved in transmission in some hypoendemic localities in the main focus. At present it is apparently of limited significance in transmission because of its low host capacity, since it has cibarial teeth, and high biting rates have not yet been recorded. Onchocerciasis is likely to intensify in the known foci because of the vector properties of S. exiguum s. l. noted above. It will disperse to non endemic localities because infected individuals are leaving the affected areas and S. exiguum s. 1. is omnipresent in Ecuador . A control campaign using ivermectin alone would be insufficient to control the disease for a prolonged period since reservoirs of the parasite in untreated individuals (e. g. lactating mothers, untreated nomadic Cayapa indians) would be available for the highly efficient vector S. exiguum s. l., to transmit. Drug chemotherapy together with permanent vector control in localities with high man-biting rates would probably be necessary to keep the disease at levels of low public health importance.
A summary of relevant entomological information for the simuliid vector species of Onchocerca volvulus in Latin America is given in 
